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potential role for this organism in the
disease problem on this farm. Final
identification of the spirochete might
reconcile the laboratory results with
the clinical problem.
The results of the laboratory ex-
aminations are affected by the relative
sensitivity of the various methods, the
length of fecal shedding of each agent
and the rate of new infections within
the population. Therefore, the most
commonly isolated agent might not be
the one that causes the most disease.
Additionally, demonstration of a bac-
terial agent in a fecal specimen might
not be sufficient to establish a cause
and effect relationship; infection might
not always equal disease. In spite of
these limitations, diagnosis of enteric
bacterial infections in live animals can
provide a basis for implementing stra-
tegic interventions to address prob-
lems in order of importance to the
population at risk.
Because transmission of enteric
bacterial disease agents occurs prima-
rily through the fecal-oral route, con-
trol measures aimed at reducing
environmental contamination, includ-
ing sanitation and antimicrobial therapy,
are most critical. By focusing diagnos-
tic efforts on the population with the
highest benefit potential for treatment,
it is possible to maximize the return on
diagnostic investment. However, mixed
infections are expected to cause more
severe disease problems and have pro-
longed recovery with more variable
response to therapy than single infec-
tions.
1Gerald E. Duhamel is a professor and Michelle
R. Mathiesen is a laboratory technician in the
Department of Veterinary and Biomedical Sciences.
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Summary and Implications
Porcine colonic spirochetosis
(PCS) caused by Serpulina pilosicoli
has been identified as a contributing
cause of diarrhea and reduced perfor-
mance of growing pigs in all major
swine producing countries. The cur-
rent view that transmission of PCS
occurs through contamination of the
environment by acutely or persistently
infected pigs is based on the assump-
tion that the spirochetes remain viable
in the environment. The purpose of
this study was to compare the viability
of Serpulina pilosicoli kept in pure
culture or mixed with feces at four
different temperatures over time with
that of Serpulina hyodysenteriae. The
results of the present study indicated
Serpulina pilosicoli survived consid-
erably longer than Serpulina
hyodysenteriae in pure cultures held
at 75oF and 99oF, and at all tempera-
tures in spiked fecal materials. Pure
cultures of Serpulina pilosicoli sur-
vived for at least 63 days at -158oF,
seven to 14 days at 39oF 14 to 28 days
at 75oF and seven to 28 days at 99oF.
The survival of each spirochete mixed
with feces was similar as pure cultures
for samples kept at -158oF and 39oF
but was reduced to one to seven days at
75oF and one to three days at 99oF for
Serpulina pilosicoli and <five days at
75oF and < one day at 99oF for Serpulina
hyodysenteriae. Information on the sur-
vival of Serpulina pilosicoli outside
the pig’s body provides a basis to
improve strategies for PCS control.
Introduction
Recent advances in genetic-based
identification have led to the recogni-
tion of Serpulina pilosicoli, a new
pathogenic intestinal spirochete dif-
ference from Serpulina hyodysen-
teriae, the cause of swine dysentery.
First identified in 1980 in the United
Kingdom, Serpulina pilosicoli was
recognized as the etiologic agent of
porcine colonic spirochetosis (PCS) in
1996. Since then, PCS has been
identified as a contributing cause of
diarrhea and reduced performance of
growing pigs in North America,
Europe and Australia.
The clinical signs of PCS consist
of transient diarrhea, which is gray to
green in color and the consistency of
wet cement. Persistent infections cause
a lack of uniformity in weight gain,
increased days to market and increased
feed costs. The disruption of pig flow
and increased number of pigs with
lighter weights at the end of the feed-
ing period are major problems in all-
in/all-out management systems.
Although the significance of PCS
as a disease of growing-finishing pigs
is well documented, the mode of
transmission of Serpulina pilosicoli
between pigs is poorly understood. A
major risk factor for PCS is a history of
moving and mixing of weaner or grower
pigs to new accommodations and a
change of diet. The current view that
Serpulina pilosicoli is transmitted by
oral exposure to contaminated fecal
materials is based on the assumption
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that the spirochetes remain viable
after shedding in the environment. How-
ever, with the exception of Serpulina
hyodysenteriae, little is known about
the survival of spirochetes outside of
the pig’s body. The purpose of this
study was to compare the viability of
Serpulina pilosicoli in pure culture or
mixed with feces at four different tem-
peratures over time with that of Serpulina
hyodysenteriae.
Materials and Methods
Stock cultures of Serpulina
pilosicoli and Serpulina hyodysenteriae
were propagated using a standard pro-
tocol for anaerobic culture of spiro-
chetes in a liquid medium. The optical
density, total bacterial count, viability
count and purity of each stock culture
were determined by standard labora-
tory methods.
Fecal materials were collected from
four healthy pigs: two finisher (230
pound) and two grower (110 pound)
pigs, fed a corn/soybean meal-based
diet without a antimicrobial. Pigs were
selected on the basis of prior spiro-
chetes-negative fecal cultures. The
fecal specimens were refrigerated un-
til the next day when two pools, a
finisher and a grower pig fecal pool,
were prepared. Spiked fecal pools were
prepared by mixing ten times concen-
trated spirochete cultures with ten times
the volume of fecal pool using a me-
chanical mixer. Four replicates of each
pure culture and duplicates of each
spiked fecal pool were aliquoted into
sterile tubes and held at either -158oF,
39oF, 75oF or 99oF until processing for
determination of viability on day zero
(sample preparation), one, three, five,
seven and at weekly intervals until day
63. The viability of the spirochetes was
determined by anaerobic incubation of
aliquots of either pure culture or spiked
fecal pool onto selective agar medium.
Each culture was evaluated blindly
after a two-, four- and seven-day incu-
bation period and recorded as positive
or negative for the presence of spiro-
chetes.
Results
The pure cultures of Serpulina
pilosicoli and Serpulina hyodysenteriae
contained approximately 3 X 1011 and
4 X 1010 spirochetes per ml, respec-
tively. Pure cultures of both spirochetes
survived for the entire observation pe-
riod of 63 days at -158oC, whereas
survival at 39oF was reduced to seven
to 14 days for both spirochetes. At 75oF
and 99oF, Serpulina pilosicoli survived
for 14 to 28 days and seven to 28 days,
whereas Serpulina hyodysenteriae sur-
vived for less than one day at each
temperature.
The viability of Serpulina hyodys-
enteriae and Serpulina pilosicoli in
each spiked fecal pool held at each
temperature over 63 days is pre-
sented in Table 1. Overall, Serpulina
pilosicoli kept under identical condi-
tions survived longer than Serpulina
hyodysenteriae. However, the viabil-
ity of each spirochete held at 75oF and
99oF over time was markedly reduced
when inoculated into the grower pig
fecal pool when compared with the
finisher pig fecal pool (Table 1). Both
spirochetes were recovered from all of
the spiked fecal pools on the day of
inoculation (day zero), but Serpulina
hyodysenteriae survived less than five
days at -158oF, 39oF and 75oF, and less
(Continued on next page)
Table 1. Survival of Serpulina hyodysenteriae and Serpulina pilosicoli in spiked fecal pools held at four different temperatures over 63 days.
Temperature Strain/replicates Positive (+) or negative (-) culture results from day 0 to day 63 of incubation
0 1 3 5 7 14 21 28 35 42 49 56 63
-158oF S. hyodysenteriae 1 ++ ++ ++ - - - - - - - -
2 ++ - + - - + - - - - - - -
S. pilosicoli 1 ++ ++ ++ ++ ++ ++ - - - - - + + - - + - - - -
2 ++ ++ + - - - - - - - - - - - - - + - - - - - - -
39oF S. hyodysenteriae 1 ++ ++ + - + - + - - - - - - -
2 ++ ++ - - - - - - - - - - - -
S. pilosicoli 2 ++ ++ ++ ++ ++ ++ - - - - - -
2 ++ ++ ++ ++ ++ + - - - - - - -
75oF S. hyodysenteriae 1 ++ ++ - - + - - - - - - -
2 ++ - - - - - - - - - - - -
S. pilosicoli 1 ++ ++ ++ ++ - + - - - - - -
2 ++ ++ - - - - - - - - - -
99oF S. hyodysenteriae 1 ++ - + - - - - - - - -
2 ++ - - - - - - - - - -
S. pilosicoli 2 ++ ++ - + - - - - - -
2 ++ - + - - - - - - - -
Replicates: 1 = duplicates of spiked finisher pig fecal pool; 2 = duplicates of spiked grower pig fecal pool.
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than one day at 99oF. Although Serpulina
pilosicoli showed a gradual loss of
viability with increasing temperatures
over time, it survived up to 49 days at
-158oF, 14 days at 39oF, one to seven
days at 75oF and less than three days at
99oF.
Discussion
The results of this study indicate
Serpulina pilosicoli survives longer
than Serpulina hyodysenteriae in pure
cultures held at 75oF and 99oF, and at
all temperatures in spiked fecal mate-
rials. Reduced viability of both spiro-
chetes was found in spiked feces over
time, an effect was more marked at
75oF and 99oF, and possibly attribut-
able to a direct effect of temperature on
the viability of spirochetes exposed to
ambient air. However, in a biological
model such as spiked feces, the inter-
action of the spirochetes with the nor-
mal fecal bacteria may require rapid
induction of adaptative survival mecha-
nisms. For example, the number of
bacteria in normal human feces is esti-
mated at 1011 per gram, therefore com-
petition with the resident bacteria for
limited nutrients may be involved.
Additionally, the source of the fecal
pools appeared to have an effect on the
viability of the spirochetes; the viabil-
ity of each spirochete was less over
time when held at 75oF and 99oF in the
grower pig fecal pool compared with
the finisher pig fecal pool. The reason
for this variation is unknown.
Determination of the duration of
potential infectivity of Serpulina
pilosicoli is critical to management
practices such as all-in/all-out and
optimal timing for reintroduction of
pigs after cleaning. Although the via-
bility of Serpulina pilosicoli in fecal
materials obtained from naturally
infected pigs would have to be exam-
ined before definitive conclusions can
be made, the data suggested at least
seven days may be required for elimi-
nation of Serpulina pilosicoli from the
environment without decontamination.
Serpulina pilosicoli can be iso-
lated from the large intestine of chal-
lenge-inoculated pigs for up to six
weeks post-inoculation, even though
diarrhea may have ceased. This sug-
gests transmission of PCS is from
shedding of Serpulina pilosicoli in
the feces of persistently infected pigs.
Carrier-shedder pigs are an important
reservoir of Serpulina pilosicoli on
infected farms, and movement of in-
fected pigs is the most likely means of
transmission of Serpulina pilosicoli
between farms. However, considering
Serpulina pilosicoli is viable for up to
14 days at less than 39oF, transmission
by contaminated fecal material also is
likely to occur between groups of pigs
or between pens, particularly during
winter. This is consistent with high
prevalence of clinical signs of PCS in
management systems that favor fecal-
oral recycling, such as open-flush gut-
ters and recycled lagoon water.
In all-in/all-out multi-site produc-
tion systems, transmission most likely
results from commingling susceptible
and shedder pigs. In continuous flow
production systems, spirochetes are most
likely transmitted by feces from older
pigs coming in contact with younger
Serpulina pilosicoli-naive pigs or from
the contaminated environment. Indi-
rect transmission arising from con-
taminated vehicles or movement of
personnel with contaminated clothes
or boots also is possible. The possi-
bility also exists that hosts other than
pigs may act as potential sources of
Serpulina pilosicoli, emphasizing the
need for biosecurity. Access of dogs,
mice and wildlife, including birds, to
the pigs and feedstuffs should be
restricted.
1David E.S.N. Barcellos is a PhD candidate in
the Department of Clinical Microbiology,
Universidade Federal do Rio de Janeiro, Rio de
Janeiro, Brasil and Gerald E. Duhamel is a professor
and Michelle R. Mathiesen is a laboratory technician
in the Department of Veterinary and Biomedical
Sciences.
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Summary and Implications
A feasibility analysis on the grow-
ing and feeding of high-oil corn (HOC)
to pigs was conducted. The cost to
produce HOC is about 25 to 32 cents
per bushel higher than for normal
corn (NC), primarily due to 7 to 10
percent yield reduction for HOC.
Diets made with HOC contain between
1.5 and 3 percent additional fat.
Therefore, feed efficiency should be
improved, on average, by 3 to 6 per-
cent when HOC is substituted for NC.
In most cases, daily gain should im-
prove by 0 to 3 percent with HOC in
the diet. High-oil corn grown in cen-
tral Nebraska during 1997 averaged
6.2 percent oil (12 percent moisture).
When HOC (6.2 percent oil) is used to
replace NC in growing-finishing pig
diets, it is worth 21 to 25 cents more
than NC, assuming NC and 44 percent
protein soybean meal cost $2.50 per
bushel and $250 per ton, respectively.
When NC and soybean meal cost $2
per bushel and $200 per ton, HOC is
worth 17 to 20 cents more than NC. If
HOC is used to replace animal or
vegetable fat in pig diets, it is worth
about 40 cents per bushel more than
NC, if supplemental fat costs 20 cents
per pound. The only economic benefit
given to HOC was an increase in feed
efficiency. These results suggest no
